Excitation-contraction coupling was studied in mammalian cardiac cells in which the opening probability of L-type calcium (Ca21) channels was reduced. Confocal microscopy during voltage-clamp depolarization revealed distinct local transients in the concentration of intracellular calcium ions ([Ca2, ,). When voltage was varied, the latency to occurrence and the relative probability of occurrence of local [Ca2+]i transients varied as predicted if Ca2+ release from the sarcoplasmic reticulum (SR) was linked tightly to Ca21 flux through L-type Ca2+ channels but not to that through the Na-Ca exchanger or (Fig. 1) . The local [Ca2+] transients were similar to those observed as a result of small depolarizations (9) in the absence of verapamil and to those observed during action potentials in the presence of the Ca2 + channel blocker Cd2+ (10, 11). The voltage-clamp pulse protocol (Fig. 1) was designed to ensure both uniform loading of the SR through reverse mode Na-Ca exchange (Ca2+ influx dependent on intracellular Na+) at positive potentials (15) and a constant amount of use-dependent block of the Ca2+ current by verapamil. 
The central paradox of excitation-contraction (EC) coupling in heart (1) concerns how the relatively small amount of Ca2+ that enters the cell via L-type Ca2+ channels can both activate (2) and control the release of a much larger amount (3) of Ca2 + from the SR. Release of Ca2+ from the SR appears to be controlled by Ca2+ entering the cell through L-type Ca2 + channels because such release can be halted by stopping the Ca2 + current (4, 5) . The solution to this paradox may lie in the concept of a microscopic coupling between individual Ltype Ca2 + channels and SR release channels [or ryanodine receptors (RyRs)], perhaps arranged in clusters (6, 7) . Briefly, if such clusters (6) are functionally independent and are recruited (6, 8) only by Ca2+ that entered through closely associated Ltype Ca2+ channels, then the Ca2+ current could control SR release, because the Ca2+ released from one cluster would not activate or influence Ca2+ flux from another. This view of EC coupling had been termed "local control" (6, 9, 10) . In addition to the open probability of L-type Ca2+ channels (P), the amplitude of the single L-type Ca2+ channel current (i) appears to be an important determinant of the peak rate of release of Ca2+ from the SR (5 (9) .
To investigate these predictions, we used verapamil to reduce the probability, but not the amplitude, of the single L-type Ca2+ channel currents (13, 14 (9) in the absence of verapamil and to those observed during action potentials in the presence of the Ca2 + channel blocker Cd2+ (10, 11) . The voltage-clamp pulse protocol (Fig. 1) (9) . Position along the cell is represented vertically, and successive scan lines in time are displayed horizontally. Isolated guinea pig ventricular cells were obtained by a standard enzymatic dispersion technique as described (23) . Single cardiac myocytes were subjected to whole cell recordings in an external solution comprised of 140 mM NaCI, 10 mM dextrose, 10 mM Hepes, 10 mM CsCI, 1 mM MgCI2, and 2 mM CaCI2, with the pH adjusted to 7.3 to 7.4 with NaOH. Temperature was 210 to 230C. When necessary, verapamil (10 p.M) or ryanodine (50 p.M) was added to this solution. The solution filling the electrode used for whole cell recording and loading with fluorescent dye was composed of 130 mM cesium glutamate, 10 mM NaCI, 10 ing pulse should peak rapidly, within the LCTs obtair time during which the current is observed as a functio to activate fully, and then decline more (C), respec rapidly than the macroscopic current (re-after repole flecting the failure of some openings to image area evoke local [Ca2+I transients). It is known means ± S that in rat heart cells, net cellular SR Ca2+ Data were f flux does decline more rapidly than the the fit. Fig. 3A ). Therefore, PLCT will be given by the product of two other, independent probabilities according to PLCT = k x Pi,LCT x POL
(1) where P,L is the probability that the L-type Ca2+ channel will be open, P is the probability that the current of Ca2+ (i) through it will trigger the release of Ca2+ from the cluster of RyRs, and k is a scaling factor to make Pi,LCT equal to 1.0 at a pulse potential of -40 mV. Values for PLCr were computed according to Eq. 1 from the data and Po,L (21 ) (Fig. 3C) (23) (Fig. 4) coupling and has been termed Ca2+-induced Ca2+release (CICR) (1) . Because the Ca2+ efflux from the SR is between 10 and 65 times larger than that due to the Ca2+ current ('Ca) through channels in the plasma membrane (2, 3) , the release of Ca2+ will tend to cause further release, leading to uncontrolled regenerative behavior (positive feedback). However, Ca2+ release from the SR seems to be tightly regulated by both the amplitude and duration of ICa (2, 4, 5) .
Ca2+-dependent inactivation of Ca2+ release (1) could have provided a solution to this paradox; however, this mechanism has not been observed in intact cells (4, 6) . To
